than 800 of these unwieldy proteins, but after decades of work, researchers have determined the three-dimensional structures of only five from humans, leaving many efforts to develop receptor-targeted drugs shooting in the dark.
The latest phase of an ongoing US assault on protein structures -launched last week by the US National Institute of General Medical Sciences in Bethesda, Maryland -aims to improve that record. The Protein Structure Initiative (PSI) has been churning out protein structures since 2000, but its next five-year, US$290-million programme will move away from its goal of the past decade, which was to achieve a complete understanding of the elaborate amino-acid folds that comprise a protein and determine its function. Instead, the initiative will pair its 13 protein-structure research centres with a network of biologists in universities and industry in the hope of solving some of the world's most troublesome and medically relevant proteinsincluding the G protein-coupled receptors.
In the past decade, PSI investigators have been ploughing through a list of human and non-human proteins selected mainly for their diversity. Using techniques including X-ray crystallography and nuclear magnetic resonance spectroscopy, the centres aimed to map the protein 'universe' -a compendium of all the possible ways a protein could fold. Such a map could help researchers to predict a protein's structure from its amino-acid sequence.
Cash concerns
But the PSI soon faced charges from structural biologists that too much money had been wasted on proteins of little biological interest. Of the roughly 5,000 protein structures solved by the PSI to date, only 128 are human proteins. In 2007, a PSI advisory committee agreed with the criticisms, noting that the PSI's mapping attempts were unlikely to bear fruit: at the time, structure initiatives worldwide had determined the folds for only about 1% of protein families.
Even so, that was enough to improve protein modelling, says Johan Weigelt, a structural biologist at the Karolinska Institute in Stockholm. "A lot more structures can be modelled now than could be modelled five years ago, and that's thanks to the PSI, " he says. "But for the majority of the biological community, it just wasn't that interesting. "
Other projects have tackled protein-structure determination on a grand scale while keeping biology at the centre. The Structural Genomics Consortium, for example, links scientists in the United Kingdom, Canada and Sweden. Funded by a mixture of public and private funds, the consortium specifically targets proteins that are important for human health. Similarly, Japan's Targeted Proteins Research Program, which receives about 4 billion yen (US$46 million) a year, focuses on proteins that are crucial in human health, food production and fundamental biology questions.
The PSI will now adopt a similar approach: its next five-year phase has been named PSI:Biology and will fund ten collaborations with biologists. For example, one of the PSI's 13 centres, the Northeast Structural Genomics Consortium, based at Rutgers University in New Jersey, will team up with outside researchers to tackle proteins that are made in mitochondria -the cell's energy factories -as well as proteins that regulate gene expression. Nine of the centres will focus entirely on challenging membrane proteins such as the G proteincoupled receptors. And the programme overall will take on more human proteins, which are typically larger and more difficult to work with than their bacterial counterparts.
The new emphasis comes as budgets for the PSI centres are tightening. With more biologists to support outside the centres, some of the 13 research hubs are receiving a smaller slice of this year's $58-million PSI budget. The cuts could pose a problem for the oldest centres, whose equipment has now been in use for a decade, says Gaetano Montelione, director of the Northeast Structural Genomics Consortium, where the budget has been cut by about 30%.
Cheryl Arrowsmith, a structural biologist at the University of Toronto in Ontario, Canada, and principal investigator in the Structural Genomics Consortium, wonders whether PSI:Biology will foster enough interaction with biologists. She notes that, unlike the international consortium, the PSI's major research centres will not employ biologists on site, which she says is useful because solving structures often requires detailed knowledge of a protein's unique biochemistry. For example, some proteins are more stable and thus more amenable to crystallography when bound to a natural partner they might normally encounter in a cell.
Meanwhile, one member of the PSI advisory committee, structural biologist Michael Levitt of Stanford University in California, has recanted his criticism that the programme's earlier focus on folds was quixotic. After the committee met, Levitt performed his own calculations of how large the protein universe is. He found that seemingly unique folds are often merely intricate combinations of previously known folds (M. Levitt Proc. Natl Acad. Sci. USA 106, 11079-11084; 2009) . He now says that worldwide programmes have mapped about 6% of the protein universe, not 1%. "And that's actually quite impressive. "
■

Heidi Ledford
Next phase of the US Protein Structure Initiative enlists biologists to help crack tough human receptors.
Protein mapping gains a human focus
Corrections
The News story 'Animal rights "terror" law challenged' (Nature 466, 424; 2010) incorrectly implied that the targets of harassment by animal-rights activists were all researchers at the University of California, Berkeley. Researchers at the University of California, Santa Cruz, were also targeted.
The News Feature 'Ready for boarding -finally' (Nature 466, 428-431; 2010) wrongly stated that spectroscopy performed by an airborne astronomical observatory doesn't require objects to be as bright as for imaging. In fact, spectroscopy requires more light than does imaging.
Berkeley Structural GenomicS center
Almost 5,000 protein structures have been solved by a US effort -but only 128 are human proteins.
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